In a randomized complete block design with repeated measures, ruminally cannulated crossbred beef steers ( n = 24; 279 2 3.2 kg) had ad libitum access t o a 90% concentrate diet and were injected daily with slaframine dichloride ( S F ) at doses of 0, 30, or 60 pg SF free-basekg BW. On d 1, 2, 7, 14, and 21, salivary scores were determined hourly from -2 to 8 h relative to injection ( 0 h), and ruminal pH was measured at 0, 4, and 8 h. Feed intake was measured daily. Serum concentrations of somatotropin ( S T ) were measured in samples collected at 20-min intervals from -40 min to 8 h on d 2, 7, 14, and 21, and IGF-I was measured at 8 h. Mean salivary score increased with SF injection ( P < .01; .4, 3.3, and 3.7 for 0, 30, and 60 pg of S F k g BW, respectively), although there was a dose x day interaction ( P < .01).
Introduction

Slaframine
( SF), a parasympathomimetic produced by the fungus Rhizoctonia leguminicola, increases salivary output (Froetschel et al., 1986; Hibbard et al., 1995) . Slaframine can prevent subacute acidosis (Hibbard et al., 19951 , possibly by increasing liquid outflow from the rumen following SF administration (Froetschel et al., 1987; Jacques et al., 1989) . Preventing subacute acidosis may improve performance of feedlot cattle. Exogenous somatotropin ( ST) is another method for improving performance (Moseley et al., 1992) .
Indeed, Fernandez et al. (1985) reported that Angus steers given 18 and 24 pg of S F k g BW had increased serum ST, plasma insulin, and plasma glucagon concentrations. A use patent has been filed for SF as a method for releasing endogenous ST (Groom and Hagler, 1987) . Panzeri et al. (1990) reported that parasympathomimetics, such as SF, seem to enhance ST release by inhibiting somatostatin action.
The objectives of the present study were to determine 1) whether daily injection of SF for 21 d affected salivary output as measured by salivary score, ruminal pH, DMI, and circulating concentrations of ST and IGF-I, and 2 1 whether there was habituation to daily SF injection.
Experimental Procedures
Animals
Crossbred beef steers ( n = 24; 279 -t 3.2 kg) were used in this study. All steers were ruminally cannulated by the method of Dougherty ( 1955) . Lidocaine HC1 (2%; Vedco, St. Joseph, MO) was used as a local anesthetic. Steers were allowed to recover from surgery for at least 4 wk before the start of the study. Twenty-two days before SF injections began, steers were moved t o individual tie stalls. Each stall measured approximately 1.1 m x 2.3 m. The flooring was slatted concrete covered with a rubber mat approximately .8 cm thick. The ambient temperature was maintained between 18 and 20"C, and the lights were on for 16 h daily beginning at 0600. During this 22-d adaptation period, steers were acclimated to ad libitum intakes of the 90% concentrate diet that was fed during the study. Water was available through nipple drinkers at all times. Each steer had a jugular catheter installed on d -1. Catheters were replaced as necessary during the study. The ruminal cannulation, jugular vein catheterization, and SF injection procedures were approved by the Upjohn Corporate Animal Welfare Committee before the procedures were performed.
Diet
A corn-wheat concentrate mixture was fed with coarsely chopped alfalfa hay (Table 1 j. Steers had ad libitum access to feed during the study. Fresh feed was offered once daily just after SF injection. Enough feed was provided to allow for approximately 10% orts. The amount fed was adjusted daily for each steer, based on the steer's feed consumption the previous day. Feed remaining in each steer's feeder was assessed daily at 1600, and additional feed was offered if necessary. Orts were removed at 0730, weighed, and discarded. Daily feed intake was calculated as the difference between the total amount of feed offered and orts at 0730 the following day.
Allotment to Treatment
The study was conducted as a completely randomized block design. On d -1, steers were weighed and blocked by weight, and three steers were assigned to each of the eight blocks. The heavy and light blocks were assigned randomly to each of two rooms; no blocks were split between rooms. Individual treatments (0, 30, or 60 pg of SF free-basekg BW) and stalls within each block were assigned randomly to the three steers. Steers were moved to the appropriate tie stall on d -1 after jugular catheters were installed.
Slaframine
The SF used in this study was produced in two separate fermentations in 250-L submerged culture tanks. The SF production medium used for the Vitamin D (15,000 IUlg)
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Dry matter 93. fermentations was a red clover hay steep-based medium that contained a synthetic resin. Following incubation, the SF was extracted with methanol. The SF free-base was converted to SF dichloride, which is more stable and easier to handle than the free-base.
The two lots of SF dichloride ( 8 . 3 g total), which were combined for use in this experiment, were at least 53.8% pure on a free-base basis. The assay used to determine SF concentrations was a reverse-phase HPLC method using precolumn derivatization with ophthalaldehyde and 2-mercaptoethanol.
Before the study began, the combined SF was reassayed to confirm the SF concentration. After the concentration was verified, the SF was aliquoted and lyophilized so that there was a separate vial for each dose (30 or 60 pg of S F k g BW j for each day of the study. The lyophilized aliquots were stored at -20°C until they were used. One aliquot of each SF dose was reconstituted and reassayed before the study began to confirm the amount of SF administered. Each day during the study, one vial of each dose was reconstituted with sterile water for injection and used that day. The excess solution in each vial was stored at -20°C following the daily dosing. The doses administered were calculated on a free-base basis and corrected for the purity of the SF preparation. Following the conclusion of the study, assays of the contents of the SF vials used on the bleeding days ( d 2, 7, 14, and 21) confirmed that the SF was stable during the 21-d study. Endotoxin assays were also performed on the contents of these vials. The results indicated that endotoxin concentrations for all four 60 pg of S F k g BW vials were < 62.5 endotoxin units ( EU)/mL, and concentrations for all four 30 pg of SF/ kg BW vials were < 6.25 EU/mL.
Treatments
Within each block, steers were assigned randomly to receive 0, 30, or 60 pg of SF free-basekg BW, which was injected i.m. once daily for 21 d. The dose for each steer was calculated based on the average initial BW for the block, with 10 kg added to each block's average initial weight to account for approximately half of the expected BW gain during the 21-d trial. Doses of SF were not adjusted during the trial. The daily injection volume was between 4.2 and 4.9 mL for all steers, and depended on the average block weight. All injections were administered using sterile 20 gauge x 3.75-cm needles. Control steers were injected with sterile water. Treatments were administered into the biceps femoris, alternating sides daily. Injections were administered at 0830 from d 1 through 21.
Salivary Scores
Salivary scores were recorded on d 1, 2, 7, 14, and 21. On each of these days, scores were recorded hourly from 2 h before injection until 8 h after injection (0630 to 16301, excluding 0830, when injections were administered. One person recorded all salivary scores for the entire study. Salivary scores were evaluated using the following scale: 0, dry muzzle; .5, moisture on muzzle, not whiskers; 1, moisture on whiskers; 2, froth on whiskers; 3, froth and occasional dripping; 4, continuous dripping; 5, excessive froth and dripping.
Ruminal pH
Ruminal pH was measured on d 1, 2, 7, 14, and 21 at 0830, 1230, and 1630. At each sampling time, separate samples (approximately 50 mL each) were obtained from the anterior, medial, and posterior areas of the rumen. Samples were obtained without mixing the ruminal contents. The pH of the samples was measured immediately using a Beckman a32 pH meter (Beckman Instruments, Palo Alto, CA) equipped with a Sensorex 450C combination pH electrode (Sensorex, Stanton, CA) or Orion Ross combination pH electrode (Orion Research, Boston, MA). The calibration of the pH meter was checked before each sampling time. For each sampling time, the average of the three samples was reported as the pH for that time point.
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Body Weight
All steers were weighed on d -1 to determine blocking and again at the end of the study on d 22. Steers were weighed before being fed. Steers removed from the study before d 22 were weighed upon removal.
Serum Concentrations of Somatotropin and Insulin-Like Growth Factor-I
Blood samples (approximately 10 mL)
were obtained from all steers at 20-min intervals from 40 min before injection to 8 h after injection (0750 to 1630) on d 2, 7, 14, and 21. Whole blood was held at room temperature for at least 2 h before centrifugation ( 15 min, 545 x g , 4°C in a Sorvall RT6000B centrifuge). The harvested serum was stored at -20°C until it was analyzed for ST (Moseley et al., 1982) and IGF-I (Dah1 et al., 1993) . Somatotropin concentrations were measured for all serum samples collected. The IGF-I serum concentrations
were measured for the 8-h sample only.
Statistical Methods
Dry matter intake, salivary score, and ruminal pH were analyzed with repeated measures analyses of variance (SAS, 1989) . The summary variable for statistical analysis of the DM1 data was daily feed intake. The summary variables for statistical analyses of salivary score data were the mean and maximum scores after injection for each of the five sampling days. Ruminal pH data were summarized as the minimum and mean ruminal pH measured for each of the five sampling days. Weight change was calculated as the difference between ending and starting body weights.
Serum ST data were analyzed with the Pulsar program (Merriam and Wachter, 1982) . The program determined whether there were ST peaks, and, if so, calculated the area under the curve (AUC; by trapezoidal summation), the ST baseline, and peak amplitude. These data were then used to determine whether there was an initial ST pulse due t o the acute slaframine injection or a change in the temporal blood ST profile. The summaries obtained from the Pulsar analysis were treated as daily summary variables for statistical analysis. The 8-h IGF-I concentrations obtained on each of the four sampling days were analyzed.
These daily summaries were analyzed using analyses of variance (SAS, PROC GLM, 1989) with a repeated measures (split-plot) model containing the following terms: block, dose of SF, whole-plot error, day, dose x day, and subplot error. Block, dose of SF, day, and dose x day were considered fixed effects, and the whole-plot error and subplot error were considered random error terms. The subplot degrees of freedom were adjusted as needed using the Huyhn-Feldt degrees of freedom adjustment (Milliken and Johnson, 1984) . To protect against Type I1 errors, all tests of whole-plot and subplot effects, including contrasts of least squares means, were conducted at cy = .lo. If either of the contrast ( 0 vs 30 or 0 vs 60) x day interactions was significant, least significant differences (LSD) were calculated to compare the dose x day least squares means.
Results
During the course of the study, three steers experienced severe reductions in DM1 (< .5 kg/d). The steers became very weak and dehydrated. Two of the steers were in the 60 pg of S F k g BW treatment group and were removed from the study on d 10. These two steers were euthanatized and necropsied. Both steers were diagnosed with sialadenitis, an inflammation of the salivary glands.
In addition, one steer had gastritis, and the other had gastroenteritis.
A third steer ( 3 0 pg of SFkg BW) also experienced reduced DM1 after d 15. This steer was not removed from the study because it did not meet the criteria for removal (DM1 of less than .l% of BW for 7 dl. This steer recovered after the end of the study when ruminal contents from a forage-fed donor steer were placed in the rumen, electrolytes were administered, and excellent-quality longstem alfalfa hay was offered. A different steer in the 30 pg of S F k g BW dose group was removed from the study on d 11 due to a fever, pneumonia, and founder. This steer recovered after removal from the study.
Daily DM1 least squares means are presented in Figure 1 . Steers in both SF treatment groups had less overall DM1 than controls ( P S .O 1 Day on study (----J pg of slaframine/kg BW treatment groups. The shaded region around the control represents the significance area based on the LSD (i.e., a mean for the treated group that fails within the shaded area is not significantly different from control].
21-d study, control steers consumed 6.39 kg of DWd, while the 30 and 60 pg of S F k g BW groups consumed 4.95 and 2.64 kg of DWd, respectively.
The least squares means for mean daily salivary scores are presented in Table 2 . Compared to controls, both SF doses increased mean salivary scores on each sampling day ( P < .01). Over all days, the two SF treatment groups had mean salivary scores that were different from each other ( P S .lo) and greater than controls ( P < .01; .4, 3.3, and 3.7 for 0, 30, and 60 pg of S F k g BW, respectively). There was a dose x day 
aThere was a dose x day interaction for mean daily salivary score ( P B ,021.
b,c*dFor mean or maximum daily salivary score, entries in the same column with different superscripts differ a t P S .lo.
eThere are 14 df for the whole-plot error. fThere are 78 df for the subplot error.
'J>'Within row, entries with different superscripts differ a t P S .lo. 
a,b,cFor mean or minimum ruminal pH, entries in the same column with different superscripts differ at P a .lo.
dThere are 14 df for the whole-plot error. eThere are 78 df for the subplot error. fThere was a dose x day interaction for minimum daily ruminal pH for control vs 30 pg of S F k g BW ( P = .07).
XJv'Within row, entries with different superscripts differ at P a .lo. interaction ( P < .01, P = .02, and P < .01 for dose x day, 0 vs 30 x day, and 0 vs 60 x day, respectively). Analysis of the linear trend over time for mean salivary scores indicated that the slope of the response curves differed ( P S .05) with treatment. Although the slope for the control group was not different from zero ( P = .89), the slopes of both SF response curves were negative ( P = .01 and P < .01 for 30 and 60 pg of S F k g BW, respectively). Although the mean salivary scores for the SF groups were significantly different from controls on d 21, the slopes of these response curves indicate that the salivary scores for these groups were decreasing over time.
Least squares means for maximum salivary score are presented in Table 2 . Both SF dose groups had maximum salivary scores of > 4, which were different ( P < .01) from controls. In the scoring system used, a salivary score of 4 corresponds to continuous dripping. Maximum salivary scores did not differ between the two SF dose groups ( a = .lo). Table 3 shows least squares means for mean daily ruminal pH. Mean ruminal pH for the control group was 6.03. The 30 pg of SF/kg BW treatment group had a mean ruminal pH of 6.42, and the 60 pg of S F k g BW group averaged 6.72. The pH values for both of these treatment groups were different ( P < .O 1) from controls, and they were also different ( P < .lo) from each other.
Least squares means for minimum daily ruminal pH are presented in Table 3 . The pattern of response for minimum daily ruminal pH was similar to that for mean daily ruminal pH: both SF treatment groups were different ( P < . l o ) from controls and from each nthnr ( P 6 1 nl Thprp wag R dnnp y rlnv intpractinn for
The least squares means for changes in body weight are shown in Table 4 . The 60 pg of S F k g BW group lost an average of 20.3 kg during the experiment compared with an average gain of 15.1 kg for control steers ( P = .02). The 30 pg of S F k g BW group gained an average of 2.8 kg during the study and did not differ from the control group ( P = .35 1. One steer in the 30 pg of S F k g BW treatment group lost 54 kg during the experiment. This was the steer that went off feed around d 15 but never met the criteria for being removed from the study. Even with the body weight data for this steer included, the 30 pg of S F k g BW treatment group did not differ from controls. The change in body weight for the 30 pg of S F k g BW group was different ( P < . l o ) from that for the 60 pg of S F k g BW group.
Least squares means for ST variables are presented in Table 5 . The intraassay CV for the ST assays was 8.6%, and the interassay CV was 8.8%. The ST AUC data were transformed to loglo due to heterogeneity of variance. The loglo ST AUC increased ( P = .O 1) in response to daily SF injections ( 0 vs 30, 0 vs 60), although the dose groups responded differently across 
aThere was a dose x day interaction for 0 vs 60 x day ( P = .02).
b,cWithin variable, entries in the same column with different superscripts differ at P S .lo.
dThere are 14 df for whole-plot error. eThere are 57 df for subplot error.
XJWithin row, entries with different superscripts differ at P S .lo.
time ( 0 vs 60 x day interaction; P = .02). The loglotransformed ST AUC for the 30 pgkg BW injected steers was greater ( P < .lo) than controls on all days, whereas the AUC for the 60 pgkg BW group was greater than controls ( P < .lo). Baseline ST concentrations were increased ( P < .06; 0 vs 30, 0 vs 60) in response to injection of SF, although there was no difference between the 30 and 60 pgkg groups ( P > . l o > . There was a change ( P = .06) in mean baseline ST over time. There were n o differences ( P = .30) in
peak amplitude among the doses tested. The least squares means for IGF-I concentration are presented in Table 5 . The intraassay CV for the IGF-I assay was 7.0%, and the interassay CV was 11.3%. Despite increased serum ST concentrations in response to injection of SF, there were no differences ( P = ,231 in mean serum IGF-I concentrations between control and slaframine-injected steers. There was no main effect of day ( P < .81) or dose x day interaction ( P = .94).
Discussion
Injection of SF increased salivary score, a measure of salivary flow, and ruminal pH in this study. The salivary scores for both SF treatment groups were greater than those for control steers throughout the 21-d study; however, the scores for the SF groups decreased over time. It is not known whether salivary flow would have eventually returned to the values of control steers if daily injections had continued or how long it would have taken to achieve such complete habituation to SF administration. Salivary scores in the 60 pg of SFikg BW treatment group in this study were similar to those observed when 66 pg of SF/kg BW was administered in a subacute acidosis model (Hibbard et al., 1995) .
Daily administration of SF increased ruminal pH in these steers. It is not known how much of the increase in ruminal pH was 1) due to increased buffer flow into the rumen due to the increased salivary flow or 2 ) due to decreased feed intake and reduced available fermentable carbohydrates. The ruminal pH measured in the controls was greater than expected for cattle fed a high-grain diet (Britton and Stock, 1986) , and it is doubtful that a greater ruminal pH would improve performance. Indeed, ruminal pH in the control steers was > 5.5, which we designated as an indicator of subacute acidosis (Hibbard et al., 1995) . Given that the complete diet contained 34.2% rolled wheat (DM basis; Table l ) , we expected the control steers to become subacutely acidotic and to have cyclic feed intake across days.
Because ruminal pH did not decrease to < 5.5, we did not analyze the cyclicity of DMI, although there was a dose x day interaction for 0 vs 30 x day for minimum daily ruminal pH ( P = .07).
Although we did not determine the daily pattern of DM1 by measuring feed intake at different times throughout the day, the steers seemed to consume small meals throughout the day instead of consuming large amounts of feed at any given time. With this pattern of intake, it is unlikely that large amounts of readily fermentable substrate would be present in the rumen; thus, the pH would tend t o remain greater than that in steers that consume large quantities of grain in a short time. Daily injection of SF increased serum ST concentrations over the 21-d study. The AUC for the ST response curve and baseline ST remained increased throughout the experimental period. Similarly, Fernandez et al. (1985) reported increased serum ST concentrations in steers in response to a n acute i.m. injection of 18 or 24 pg of S F k g BW, but not in response to 12 pg of S F k g BW. Even though there were treatment effects on ST concentrations, IGF-I concentrations were not increased. Perhaps the increase in ST was not sufficient in magnitude or duration to increase concentrations of IGF-I, or the decrease in DM1 in SF-treated steers was sufficient to uncouple the ST response from the IGF-I response, as suggested by Breier et al. (1986) . They reported that mean plasma ST concentrations were increased in steers on a medium or a low plane of nutrition, but plasma IGF-I concentrations were decreased only in the steers on a low plane of nutrition. Dry matter intake was reduced in both SF treatment groups; at least one steer went off feed in each group. Decreased DM1 was noticed on the initial treatment day and throughout the study. As a result of reduced DMI, the high dose group had significant weight loss during the study. Consistent with this finding, 30 pg of S F k g BW i.m. for 56 d decreased feed intake and growth of wethers and goats (Gaskins et al., 1990) . The authors hypothesized that the decreased feed intake may have been related to the amount of SF administered, because smaller doses did not elicit similar responses.
This was the first time we administered daily injections of SF over an extended period of time. Our previous work with multiple injections involved injecting cattle with smaller doses of SF on two nonconsecutive days in a week for several consecutive weeks (Hibbard et al., 1995) . In that work with limit-fed cattle, we did not detect any similar reduction in DM1 in SF-treated cattle.
Implications
Daily administration of slaframine creased mean salivary flow, mean somatotropin area under the curve, dichloride inruminal pH, and baseline ET AL.
somatotropin concentrations in steers, although salivary scores in slaframine-treated steers decreased over time. Weight gain and dry matter intake were severely reduced in slaframine-treated steers. Daily injections of slaframine dichloride do not seem to be an effective method for improving beef cattle performance.
